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The effectiveness of high molecu-
lar weight potyacrlamide polymers in
reducing erosion from furrow irri-
gated fields has been well docu-
mented in this conference. The ap-
plication of polymers in irrigation
water may also coniribute to higher
infiltration rates. This paper will ex-
plore the mechanisms by which poty-
mers in solution can alter infiltration
rates. The understanding of the
mechanisms will then be used to de-
velop some basic management deci-
sions.

Darcy's law describes the rate of
water flow through soil. The water
flow rate is equal 10 the hydraulic con-
ductivity, K, times the hydraulic head
gradient. The value of K depends on
both the soil pore sizes and viscosity
of the water. There is a proportional
inverse relationship between K and
viscosity.

Adding polymer to water may af-
fect infiltration rate by modifying the
pore size distribution of the soil and
the viscosity of the water When com-
pared to untreated water., the polymer
solution will, under most circum-
stances promote higher pore sizes.
The relative effect of the potymer de-
pends on the susceptibility of the soil
1o disperse in untreated water, which
is dependent on soil type and chemi-
cal compositicn of the irrigation wa-
ter, Addition of polymer to water can
increase the viscosity of the solution
which lowers the infiltration rate.
Therefore, the effcctiveness of a poly-
mer in increasing infiltration rate is
dependent upon the relative benefi-
cial effect of promoting higher pore
sizes and the negative effect of in-
creased solution viscosity.

The results of many experiments
done inmy taboratory with polymers
could have been affected by the so-
Jution viscosity. A crude technique
was used to determine whether the
polymer was causing a great change

in the solution viscosity. The time
required for a 10-mL pipetie toempty
under free flow was measured for wa-
ter and various polymer concentra-
tions. The time for discharge was as-
sumed to be proportional to viscos-
ity. Thers was only & very slight in-
crease in apparent solution viscosity
measured by pipette up to a polymer
concentration of 400 mg/L. Since
most expzariments were conducted
with polymer solutions of much lower
concentrations, it was assumed from
this crude technique that the devia-
tions of viscosity of the polymer so-
lution was negligibly different from
water. Nevertheless, observations
during experimentation suggested
that the polymer solution flow
through soils was slower than might
be expectad based on the soil pore
size distributions. These cbservauons
promptec 2 further investigation on
the effects of polymer on solution vis-
cosity.

The soluion viscositys were mea-
sured by rwo types of commercial vis-
cometers: the Fisher Kinematic Vis-
cometer tubes and Brookfield LB
Rhepstat viscometer with UL adapter.
The Brooxdizld viscomeler measures
the torque required to rotate an im-
mersed elament in the fluid. There
was a sligit difference in the viscos-
ity measurad by the two commercial
viscometzrs. But more significantly,
the viscosity measured by the com-
mercial viscomelers was consider
ably higher than determnined from the
pipette. The effect of polymer on so-
lution viscosity could be determined
in porous media by measuring the hy-
draulic conductivity. The value of K
is dependant upon both the pore size
of the madia and viscosity of the wa-
ter. The 1zrm permeability. k. is a
property of the porous media alone
and indepzndent of the fluid. The
relationship between K and k 1s

K=kpgn 1
where 1] is the fluid viscosity. p is
the fiuid dznsity and ¢ is the gravita-
tional constant. Inasmuch as the wa-
ter density is not significantly
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changed by addition of polymer. any
change in K by the addition of poly-
mer would be the result of a change
in viscosity if the pore sizes remain
constant.

From equation 1, the ratio of the hy-
draulic conductivity of water, K. 10
that of a polymer solution, K. for a
given sand size (constant k) would be

KJK =pn/pn [2]

the relative viscosity, p . can be cal-
culated from the relative hydraulic
conductivities and assumingp_=p,.

n=n/n=K /K, [3]

A swdy was conducted Malik and
Letey (1992} to determine the rela-
tive viscosity of three polymers at
various polymer concentrations.
Quariz sand was selected as a porous
media so that the polymer could not
alter the physical matrix. Two size
fractions of the sand were used and
will be referred to as fine (radius less
than 0.5 mm) and coarse (radius be-
tween 0.5 and 1.0 mm). One hun-
dred grams of sand were packed in
columns which were 2.8 cm diameter
ana 20 cm long, on three layers of
cheese cloth held to the bottom of the
column by a rubber band. Three high
molecular weight polymers at three
levels of anionic charge were used in
the study. The polyacriamide was
made anionic by substitution of NH,
by OH at 2. 21 and 40% substtution.
These polymers are labeled 2J. 21]
and 40J to represent the percentage
of substitution. More detailed de-
scription of these polymers is given
by Aly and Letey (1988). The 211
potymer has molecular characteristics
comparable 10 the polymers which
have been extensively used in the
field to control erosicn. Each poly-
mer was dissotved in tap water from
the city of Riverside, California, to
concentrations of 0. 25, 50, 100. 200.
300 and 400 mg/L.

Each column packed with sand was
saturated from below by slowly im-
mersing it into the solution until it had
free standing solution above the sand.
The column was then removed from



Figure 1. Hydraulic conductivity as a function of polymer concentration in coarse

sand.
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Figure 2. Hydraulic conductivity as a function of polymer concentration in fine sand.
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the solution and a 2-cm head (rela-
tive to the sand surface) was main-
tained without the sand becoming un-
saturated at the surface. The solution
was allowed to flow through the sand.
The steady-state flow rate was mea-
sured and the hydraulic conductivity
was calculated.

The K vatues of the polymer solu-
tions are plotted as a function of poly-
mer concentration in coarse and fine
sand in figures I and 2, respectively.

The best-fit curves are drawn for vi-
sual convenience and are represented
by the equations on the figures. The
£ values identify how well the curves
depict the measured data. The K vai-
ues decreased with increasing poly-
mer concentration in each case. For
tap water, the hydraulic conductivi-
ties of coarse and fine sand were 13.3
and 0.75 cm/min, respectively. Inas-
much as a solution density and pore
sizes were the same in each case, the
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value of K relative 0 K could be
used to calculate the relative
viscosity's by equation 3. The rela-
tive viscosities of the polymer solu-
tion is plotted as a function of poly-
mer concentration for the three poly-
mers in fine and coarse sands in fig-
ure 3. The viscosity values are in the
order of 40 J > 21 J> 2 J. An ap-
proximate linear reladonship berween
relative viscosity and polymer con-
centration was observed. Notewor-
thy is the fact that the relative viscos-
ity of a given polymer solution is
much higher in the fine sand than in
the coarse sand. This observation in-
dicates that equation 1 is not valid for
these solutions.

According to equation 1, the rela-
tive viscosity of a given polymer con-
centration should be independent of
pore size. The data presented in fig-
ure 3 clearly and unambiguously
demonstrate that this is not the case.
Also. the viscosity as determined by
hydraulic conductivity through the
porous media is much higher than the
viscosities measured by the commer
cial viscometers. Clearly, there are
factors related to solution flowing
through porous media which causes
the polymer solutions to behave as if
they were more viscous,

A test was conducted where water
and the 200 mg/L 21J solution were
alternately aillowed to flow through
the column. The water in polymer
soludon flow rates were not affected
by alternating applications. The wa-
ter flow rate was always higher than
the polymer solution flow rate and not
affected by previous polymer appli-
catien.

The results of this experiment sug-
gest that the effective viscosity of
polymer solutions when caused 10
flow through porous medium are
higher than would be anticipated by
standard viscosity measurements.
Furthermore, the relative viscosity is
dependent upon the pore size. From
a practical field condition, 2 number
of significant questions remain unan-
swered.

First, the polymer concentrations
used in the study were much higher
than those now being recommended
for field application to reduce erosion.
Secondly, the pore sizes in the soil
are much smaller than the fine sand
which could potentially enhance the



effective viscosity beyond those
which were measured in the study.

We have inidated some recent stud-
ies using poltymer concentratons of
10 mg/L. and less. consistent with rec-
ommended treatments in the field.
We have also atiemnpted to investigate
smaller pore sizes, however we are
constrained with the problem that the
real fine soil pardculates can be floc-
culated by the polymer and therefore
confound the results.

The results are preliminary, how-
ever. the hydraulic conductivity suc-
cessively decreased with increasing
polymer concentrations from 0 to 10
mg/L. The hydraulic conductivity of
the 10 mg/L sclution was approxi-
mately one-half of that of the un-
treated water (Table 1), Thus. the
polymer affects the viscosity of solu-
tion even at the low concentrations.

The increased effect of viscosity is
not necessarily bad. Usually the in-
filtration rate of soils is quire high
after cultivation and one of the prob-
lems with furrow irmigation is that
there is significant water infiltrating
in the upper end of the field as com-
pared to the lower end of the field.
Increasing the effective viscosity of
the solution therefore decreasing in-
filtration rate would cause water to
advance down the furrow more rap-
idly thus smoothing out the unifor-
mity of water application. Low infil-
tration rates usually are a greater
problem after the first irmigation be-
cause of the low permeable layer de-
posited on the furrow bottom by dis-
persed soil particulates. Treaument
with the polymer decreases this ef-
fect and therefore should have a posi-
tive affect in subsequent irrigations.
If the subsequent irrigations are done
with untreated water, then the viscos-
ity is no longer a problem.

Thus. one strategy is to make sure
the polymer treatment during the first
irrigation after cultivation is very ef-
fective in causing soil flocculation
and preventing soil dispersion. Sub-
sequent irrigations might be con-
ducted with untreated water taking
advantage of the enhanced porous
media caused by the initial polymer
treatment but not impacted by low
viscosity of a polymer solution.

Figure 3. The viscosity of various polymer solutions relative to water in fine and

coarse sands.
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Table 1. Hydraulic conductivity {cm/min) for various polymer solutions and
particle size fractions.
Particle size, mm
Concentration mg/L <0.550.25 <0.2550.15 <0.15
— SCOILFIX G1—
0 1.75% 0.85 0.24
2.5 1.57 0.72 0.22
5.0 1.08 0.48 0.15
10.0 0.88 0.40 0.14
— 21—
0 1.78 0.86 0.23
2.5 1.43 0.68 0.24
5.0 1.26 0.38 0.22
10.0 1.13 0.51 0.22
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